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OPTICAL STORAGE DRIVE CONTROLLER WITH
PREDETERMINED LIGHT SOURCE DRIVE
VALUES STORED IN NON-VOLATILE MEMORY

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a controller and con-
trol method for an optical storage drive. More particu-
larly, the present invention relates to a controller hav-
ing a non-volatile memory stored with information for
management of an optical storage drive and also per-
tains to an optical storage drive control method using
such a non-volatile memory.

In a typical optical disk drive (including magneto-op-
tical disk drive), illuminating light from a laser diode in
an optical head is applied to the surface of a rotating
disk-shaped recording medium, 1ie., optical disk,
thereby recording information. The recorded informa-
tion 1s reproduced by detecting changes in properties
(quantity of light, plane of polarization, etc.) of the
reflected light from the optical disk, which is Hllumi-
nated with the light from the optical head. The optical
disk has information tracks provided over the surface
thereof from the mner periphery to the outer periphery
of the disk. Since there are differences in operating
characteristics among optical disk drives, management
information such as control information differs for each
drive. For this reason, a memory for storing manage-
ment information for each individual drive 1s needed.

2. Description of the Related Art

Since optical disk drives that use a laser light source
vary from each other 1n operating characteristics, it is
necessary to give various considerations as follows.

Firstly, an optical disk drive needs to output a prede-
termined level of light power from a laser light source.
Therefore, before the drive is started to operate, for
example, when the power supply 1s turned on, the drive
current for the laser light source is adjusted so that the
output of the laser light source coincides with a prede-
termined level of light power. This process is termed
emission adjustment. However, laser light sources, par-
ticularly laser diodes, degrade when used for a long
time or if an overcurrent i1s applied thereto. If the laser
light source degrades, the value of the drive current
required for outputting a predetermined level of light
power increases. If the degradation further progresses,
it becomes impossible to obtain the required light power
even if the maximum current is supplied. In such a case,
recording, reproduction, etc. cannot normally be ef-
fected any longer.

- Accordingly, 1t is necessary to check the lifetime of
the laser diode of the optical head beforehand. For this
purpose, the following method has heretofore been
employed: A limit current value obtained from design
values is preset, and upon completion of the emission
adjustment, the current value obtained by the emission
adjustment is compared with the limit current value. If
the adjusted current value exceeds the limit current
value, it 1s decided that the lifetime of the laser diode
has expired.

With this method, however, it is difficult to set the
limit current value uniquely because of variation in
circuit and laser light source performances among opti-
cal disk drives. In addition, if the limit current value is
set at a large value, some laser light sources may be-
come degraded before the adjusted current value
reaches the limit current value, resulting in a failure to
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effect a normal write/read operation. If the limit cur-
rent value is set at a small value, it may be decided that
the lifetime of the laser light source has expired before
it becomes completely degraded. In such a case, the
laser light source 1s replaced with a new one although it
is still usable, which is wasteful.

Secondly, when data is to be written with an optical
disk drive, if the write power and the write pulse width
deviate from the optimum values, a proper write opera-
tion cannot be effected. In general, after a write opera-
tion, data written 1s read (termed “verify read”) to
check whether or not the data has normally been writ-
ten. In this way, the write operation can be confirmed.
Even if the write operation has not properly been ef-
fected, write data errors can be relieved to a certain
extent by ECC (Error Correcting Code) processing of
the reproduced signal.

However, 1if the number of data errors increases, it
may become impossible to correct all the data errors
even by ECC processing. In such a case, the written
data is rewritten to an alternate region (alternate block)
provided in a certain area on the optical disk medium,
thereby relieving the error. This 1s termed alternate
processing. Accordingly, if the write power and the
write pulse width deviate from the optimum values,
there will be an increase in the number of times when it
is decided by the verify read that the data has not nor-
mally been written and hence the alternate processing is
executed.

Since the number of alternate blocks is limited, if the
alternate processing is executed many times, the alter-
nate blocks may be used up. In such a case, it becomes
impossible to write data to the medium any longer al-
though the area of the medium used for normal record-
ing has not yet been used up, which 1s extremely waste-
ful.

Further, if the write power and the write pulse width
deviate from the optimum values at the time of writing,
data may be written to the very limit of the margin even
if it is decided by the verify read that the data has nor-
mally been written. For this reason, degradiation of the
medium by aging and the number of stains on the me-
dium surface increases, the incidence of data read errors
increases in comparison to the mcidence of data errors
at the time of writing. Accordingly, it may be 1mpossi-
ble to correct all the data errors even by the ECC pro-
cessing. This gives rise to a problem that data which
must have normally been written cannot be read after-
ward.

Hitherto, optimum values for write conditions have
been uniquely determined for all drives by experiments
and set in firmware as parameters during design or
manufacture. However, there is variation in perfor-
mance of circuits and optical systems among optical
disk drives, and optimum write values differ for each
drive. Accordingly, in each individual optical disk
drive, the uniquely set write conditions may deviate
from the actual optimum values, so that the drive can-
not exhibit the given write performance. It may be
considered to adopt a method wherein optimum write
values are measured for each individual optical disk
drive and the measured values are set by using DIP
switches, for example. With this method, however, the
operation is difficult to automate and hence compli-
cated.

Thirdly, optical disk drives are widely used, and
many optical disk drives appear in the field. These
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drives vary from each other in the performance of the
optical head and that of the seek mechanism, although
such performance variation is within a certain range.
Therefore, it is common practice to operate each indi-
vidual optical disk drive at the time of startup before
shipment to check the operating performance of the
drive. Further, at the time of extra maintenance (re-
placement or adjustment of a unit due to occurrence of
a fault) or regular maintenance after the shipment, the
optical disk drive is operated to make a diagnosis on the
operating performance. For example, a magneto-optical
disk drive is operated and measured for the CNR (Car-
rier-to-Noise Ratio) of the reproduced signal, the wri-
te/read error rate and the average seek speed by using
a tester, thereby making a diagnosis on the operating
performance. For such drives as vary in performance
from each other, it is necessary to manage data on the
performance of each individual drive in order to verify
the performance.

In the conventional management of the optical disk
drive performance, data on the operating performance,
which is measured at the time of startup before ship-
ment, 1s recorded on a data sheet for each drive, and this
data sheet is kept for maintenance purposes. At the time
of replacement or adjustment of a unit or during regular
maintenance after the shipment, the optical disk drive is
operated to measure the operating performance. If the
measured values are within a predetermined normal
range, the operating performance is judged to be good,
and the results of the measurement are recorded on a
data sheet, e.g., a maintenance table. In this way, data
on the operating performance of each individual optical
disk drive has heretofore been managed.

Although the operating performance measured at the
time of startup before shipment is the reference perfor-
mance of the optical disk drive, the actual operating
performance cannot be checked by comparison with it.
Therefore, at the time of replacement of a unit, for
example, it is impossible to check accurately whether or
not the required performance is satisfactorily obtained
with the new unit. Thus, the checking can be made only
approximately. It may be considered to utilize the data
sheet, prepared for the optical disk drive concerned at
the time of startup before shipment, when a unit is re-
placed or adjusted. However, it is not easy to manage
data sheets for optical disk drives which are shipped in
large quantities abroad as well as at home. It is practi-
cally impossible to find the associated data sheet when
a fault has occurred.

OBJECT AND SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide an
improved controller and control method for an optical
storage drive.

It is another object of the present invention to pro-
vide a controller and control method for an optical
storage drive whereby the lifetime of the laser light
source can be checked with higher accuracy even if
there is variation in performance among drives.

It 1s still another object of the present invention to
provide a controller and control method for an optical
storage drive whereby optimum write conditions can be
set even 1f there is variation in performance among
drives.

It 1s a further object of the present invention to pro-
vide a controller and control method for an optical
storage drive whereby data on the operating perfor-
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mance of each individual drive can readily be managed
for each drive.

'The present invention provides a controller for an
optical storage drive including an optical head having a
laser light source for applying light to an optical storage

medium and a detector for receiving reflected light

from the optical storage medium and for converting the
received light into an electric signal, and a seek mecha-

nism for positioning the optical head to a target position
on the optical storage medium to, at least, read informa-
tion from the target position on the optical storage

medium by the optical head. The controller has a non-
volatile memory stored with an initial drive current
value with which the laser light source provides a pre-
determined light power level in an emission adjustment
made by varying the drive current value for the laser
light source, and a control circuit that compares a2 mea-
sured drive current value with which the laser light
source provides the predetermined light power value in
an emisston adjustment made by varying the drive cur-
rent value for the laser light source when the drive is
operated, with the 1initial drive current value stored in
the non-volatile memory, thereby checking the lifetime
of the laser light source.

According to the controller for an optical storage
drive of the present invention, the non-volatile memory
is stored in advance with an initial drive current value
with which emission adjustment has been made, and at
the time of a later emission adjustment made when the
drive is operated in actual use, the initial drive current
value is read out from the non-volatile memory and
compared with a measured drive current value with
which the emission adjustment has been made. Thus,
even if there is variation in the performance of the laser
light source or other components among the optical
storage drives, the lifetime of the laser light source of
the drive concerned can accurately be checked by com-
parison of the measured value with the initial value
thereof. Accordingly, it is possible to check the lifetime
of the laser light source accurately in accordance with
the performance of each individual optical storage
drive.

In addition, the present invention provides a control-
ler for an optical storage drive including an optical head
having a laser light source for applying light to an opti-
cal storage medium and a detector for receiving re-
flected light from the optical storage medium and for
converting the received light into an electric signal, and
a seek mechanism for positioning the optical head to a
target position on the optical storage medium to write
information to the target position on the optical storage
medium and to read information from the target posi-
tion by the optical head. The controller has a non-
volatile memory stored with a write drive value provid-
ing optimum write performance, which is measured by
writing information to the optical storage medium with
the write drive value for the laser light source being
varied, and a control circuit that reads out the measured
value from the non-volatile memory at the time of start-
ing the operation of the drive and controls the drive of
the laser light source with the measured value.

According to the controller for an optical storage
drive of the present invention, the measured optimum
write condition value is stored in the non-volatile mem-
ory in advance, and when the operation of the drive is
started, the control circuit reads out the optimum write
condition value from the non-volatile memory and con-
trols the laser light source to the readout optimum write
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condition value. Accordingly, even if there is variation
in the performance of writing to an optical storage
medium among drives, write control can be effected
with the optimum write condition value for the drive
concerned. Thus, the write performance can be im-
proved. Moreover, since the measured value is automat-
ically written into the non-volatile memory, the con-
troller can cope with automation.

In addition, the present invention provides a control-
ler for an optical storage drive including an optical head
having a laser light source for applying light to an opti-
cal storage medium and a detector for receiving re-
flected light from the optical storage medium and for
converting the received light into an electric signal, and
a seek mechanism for positioning the optical head to a
target position on the optical storage medium to write
information to the target position on the optical storage
medium and to read information from the target posi-
tion by the optical head. The controller has a non-
volatile memory stored in advance with data on mea-
sured operating performance of the optical storage
drive, and a control circuit for reading out the operating
performance data from the non-volatile memory and

outputting it to the outside in response to an external
instruction.

According to the controller for an optical storage.

drive of the present invention, the operating perfor-
mance measured at the time of startup of the drive can
readily be understood, and diagnosis, maintenance and
so forth can be made accurately and easily.

Other features and advantages of the present inven-
tion will be apparent from the following description
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a sectional view of a magneto-optical disk
drive according to one embodiment of the present in-
vention.

FI1G. 2 1s a perspective view of a positioner in the
magneto-optical disk drive shown in FIG. 1.

FIG. 3 1s a rear view of a seek mechanism of the
maguneto-optical disk drive shown in FIG. 1.

FIG. 4 is a perspective view of an optical head in the
arrangement shown in FIG. 3.

FIG. 5 1s a rear perspective view of the seek mecha-
nism shown in FIG. 3.

FIG. 6 1s a block diagram of a seek control circuit
according to one embodiment of the present invention.

FIG. 7 1s a block diagram of a track servo circuit in
the seek control circuit shown in FIG. 6.

FI1G. 8(A) 1s a schematic generally depicting an opti-
cal disk drive according to the invention.

FIG. 8(B) is a graph generally depicting laser diode
drive current versus laser diode emission power.

F1G. 9 1s a flowchart showing initial value measuring
processing for the checking of the lifetime of the laser
light source shown in FIG. 8.

F1G. 10 1s a flowchart showing processing for the
checking of the lifetime of the laser light source shown
in FIG. 8.

FIG. 11 is a flowchart showing another example of
the lifetime checking processing for the laser light
source shown in FIG. 8.

FIG. 12 is a block diagram for explanation of mea-
surement of optimum write characteristics according to
the present mnvention.
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FIG. 13(A) is a flowchart to illustrate measuring
processing at the time of startup of a drive in accor-
dance with the invention.

FIG. 13(B) is a flow chart depicting processing when
the power supply is turned on in accordance with the
invention.

FIG. 14 1s a block diagram showing an arrangement
for measuring operating performance according to the
present invention.

F1G. 15 is a flowchart showing operating perfor-
mance writing processing executed by the arrangement
shown in FIG. 14.

FIG. 16 is a block diagram showing a way of using

operating performance data obtained by the processing
shown in FIG. 15.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a sectional view of a magneto-optical disk
drive according to one embodiment of the present in-
vention; FIG. 2 is a perspective view of a positioner
shown in FIG. 1; FIG. 3 is a rear perspective view of a
seek mechanism shown in FIG. 1; FIG. 4 is a perspec-
tive view of an optical head shown in FIG. 1; and FIG.
S 1s a rear perspective view of the seek mechanism
shown in FIG. 1.

Referring to FIG. 1, a magneto-optical disk drive 11is
loaded with an optical disk cartridge 2 to read and/or
write a magneto-optical disk 20 in the optical disk car-
tridge 2 loaded. The magneto-optical disk drive 1 ejects
the optical disk cartridge 2 in response to an eject in-
struction. A fixed part 10z of an optical head 10 is se-
cured to a base 19. The fixed part (hereinafter referred
to as “fixed head”) 10a accommodates a light-emitting
part, a light-receiving part, etc. among components of
the optical head 10. A movable part 1056 of the optical
head 10 is secured to a positioner 12 and optically con-
nected to the fixed head 10a. The movable part (herein-
after referred to as “movable head”) 105 accommodates
a lens optical system for applying light to the magneto-
optical disk 20 in the optical disk cartridge 2.

A VCM magnet 11a is secured to the base 19 to con-
stitute a magnet of a voice coil motor (VCM) 11. A
VCM coil 115 is provided on the positioner 12 to consti-
tute a coll of the VCM 11. Thus, the VCM coil 115
constitutes the voice coil motor 11 in combination with
the VCM magnet 11¢. By the operation of the voice coil
motor 11, the movable head 105 is driven radially of the
magneto-optical disk 20. Reference numeral 12 denotes
a posttioner which is provided with the movable head
105 and the VCM coil 115. The positioner 12 is movable
radially of the magneto-optical disk 20 relative to the
base 19.

An 1nner stopper 13 for the positioner 12 is provided
on the base 19 to define a mechanical inner limit posi-
tion of the positioner 12. An outer stopper 14 for the
positioner 12 1s provided on the base 19 to define a
mechanical outer limit position of the positioner 12. A
spindle motor 15 is provided on the base 19 to rotate the
magneto-optical disk 20. The spindle motor 15 has a
rotating shaft 15g provided with a chucking mechanism
15bh for chucking the magneto-optical disk 20 in the
optical disk cartridge 2. A bias magnet 16 applies a
magnetic field to the magneto-optical disk 20 to enable
writing to the magneto-optical disk 20 by light.

A hght-emitting device 17 comprises a light emitting
diode (LED) and is provided on the bottom of the posi-
tioner 12 to apply light to a one-dimensional optical
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position detector 18. The one-dimensional optical posi-
tion detector 18 comprises a one-dimensional photo-
sensitive hight detector (83270, available from Hamama-
tsu Photoelectronics K.K.) and is provided on the base
19 along the path of movement of the positioner 12. The
one-dimensional optical position detector 18 generates a
current output corresponding to a position illuminated
with light from the LED 17 to thereby effect position
detection. Reference numeral 19 denotes a base on
which are mounted the spindle motor 15, the fixed head
10g, the VCM magnet 11a, the one-dimensional position
detector 18, the inner stopper 13, the outer stopper 14
and so forth. The optical disk cartridge 2 has the magne-
to-optical disk 20 accommodated therein and is remov-
ably loaded into the magneto-optical disk drive 1.

As shown 1n the perspective view of FIG. 2, the
positioner 12 has a pair of connection blocks 12b. The
VCM coil 115 is secured to the rear ends of the connec-
tion blocks 12b. The movable head 105 is secured to the
forward ends of the connection blocks 125. A space 12a
1S defined between the connection blocks 125. As shown
in FIG. 1, the shaft 15 and chuck mechanism 156 of the
spindle motor 15 are disposed in the space 12a. The
space 12z 1s formed with such a size that the shaft 154
and chuck mechanism 155 of the spindle motor 15 will
not interfere with the positioner 12 within the range of
movement thereof. In addition, guide rollers 12¢ are
provided on both sides, respectively, of each connec-
tion block 125, thereby enabling smooth movement of
the positioner 12. The above-described LED 17 is pro-
vided on one of the connection blocks 126 in the vicin-
ity of the movable head 10b.

The movable head 105 is provided with a write/read
head 10-1 and an erase head 10-2. The heads 10-1 and
10-2 each apply light to the magneto-optical disk 20,
which lies above them as viewed in the figure, and
receive the reflected light from the disk 20. As shown in
FIG. 2, the LED 17 is provided on the lower side of one
connection block 125, that is, the side which faces away
from the direction in which the heads 10-1 and 10-2 of
the movable head 105 apply light (upwardly as viewed
in the figure). With the arrangement that the LED 17 is
provided on the side that faces away from the direction
in which the movable head 105 applies light, there is no
likelihood that stray light of the illuminating light from
the movable head 10 or the reflected light will intermin-
gle with the light from the LED 17. Therefore, accurate
position detection can be realized.

As shown in the rear view of FIG. 3, the fixed head
104q is secured to one end of the base 19, while the VCM
coil 11a 1s secured to the other end of the base 19. The
fixed head 10z and the movable head 105 are electri-
cally connected together through a flexible cable 10c.
The spindle motor 15 is provided in the center of the
base 19. Guide rods 19a and 195 are provided on both
sides, respectively, of the central portion of the base 19.
The guide rods 192 and 195 are each held by the pair of
guide rollers 12¢ provided on the corresponding con-
nection block 125 of the positioner 12. Thus, the recti-
linear movement of the positioner 12 relative to the base
19 is guided.

Further, the one-dimensional photo-sensitive light
detector 18 is provided on one side of the base 19 in
parallel to the path of movement of the positioner 12.
The one-dimensional photo-sensitive light detector 18
comprises a St photodiode, as is well known, and gener-
ates a current output corresponding to the position of a
light spot on the photo-sensitive surface of the photodi-
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ode. The details of this principle are described, for ex-
ample, in the August 1990 issue of the monthly maga-
zine of ““Iransistor Technology”, pp.468-470. The
LED 17 1s provided on the positioner 12 at a position
which faces the one-dimensional photo-sensitive light
detector 18.

Next, the movable head 105 and the fixed head 10q
will be explained. As shown in FIG. 4, the fixed head

10z 1s a 3-beam type head, which has as light sources a
laser diode for write 120, a laser diode for erase 121, and

a laser diode for read 122. The fixed head 10z has a
detector for write/read 123 that receives the reflected
light from the magneto-optical disk 20 during a read/-
write operation, and a detector for erase 124 that re-
ceives the reflected hight from the magneto-optical disk
20 during an erase operation. Further, the fixed head
10z has three prisms 129, 130 and 127, a half-mirror 125,
and a galvano-mirror 126.

On the other hand, the movable head 105 has the
write/read head 10-1 and the erase head 10-2, as has
been described in connection with FIG. 2. The heads
10-1 and 10-2 each have an objective lens and a track-
/focus actuator for driving the objective lens in track
and focus directions. Further, the movable head 100 has
optical path changing mirrors 106 and 107.

The optical head 10, which comprises the movable
head 1056 and the fixed head 10q, constitutes a 3-beam,
2-head optical head. Accordingly, during read/track-
ing, light from the laser diode for read 122 of the fixed
head 10a enters the half-mirror 125 via the prism 127
and the galvano-mirror 126. The incident light is re-
flected by the half-mirror 125 so as to emerge from the
fixed head 10a and enter the movable head 105. At the
movable head 105, the incident light from the fixed head
10a 1s led to the write/read head 10-1 by the optical
path changing mirror 106 and applied to the magneto-
optical disk 20 by the write/read head 10-1. The re-
flected light from the magneto-optical disk 20 is re-

ceived by the write/read head 10-1 and then reflected

by the optical path changing mirror 106 so as to go out
to enter the fixed head 10a. At the fixed head 10aq, the
incident light from the movable head 105 is received by
the detector 123 via the half-mirror 125 and the prism
129. In this way, a track/focus error signal and a read-
out signal are obtained.

Similarly, during writing, light from the laser diode
for write 120 of the fixed head 10q is directed to enter
the movable head 106 via the prism 129 and the half-
mirror 125. At the movable head 106, the incident light
from the fixed head 10z is led to the write/read head
10-1 by the optical path changing mirror 106 and ap-
plied to the magneto-optical disk 20 by the write/read
head 10-1. The reflected light from the magneto-optical
disk 20 1s received by the write/read head 10-1 and then
directed by the optical path changing mirror 106 so as
to go out to the fixed head 10a. At the fixed head 10a,
the incident light from the movable head 105 is received
by the detector 123 via the half-mirror 125 and the
prism 129.

During erasing, light from the detector for erase 124
of the fixed head 10q is directed to enter the movable
head 105 via the prism 130. At the movable head 105,
the incident light from the fixed head 10q is led to the
erase head 10-2 by the optical path changing mirror 107
and applied to the magneto-optical disk 20 by the erase
head 10-2. The reflected light from the magneto-optical
disk 20 is received by the erase head 10-2 and then
directed by the optical path changing mirror 107 so as
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to go out to the fixed head 10a. At the fixed head 10aq,
the incident light from the movable head 105 is received
by the detector 124 via the prism 130.

Thus, the optical head 10 is divided into the movable
head 105 that is equipped with only movable parts, i.e.,
the objective lens, the track/focus actuator, etc., and
the fixed head 10z that is equipped with the light-emit-
ting part, the light-receiving part and the associated
optical systems, and the fixed head 104 and the movable
head 106 are optically connected to each other. With
this arrangement, it is possible to reduce the weight of
the movable head 105, which is a movable part, and
hence possible to drive it at high speed. Accordingly,
the seek time can be shortened. Further, as shown in
FIG. 5, the one-dimensional photo-sensitive light detec-
tor 18 1s provided on the reverse side, which faces away
from the direction in which the movable head 105 ap-
plies light, and the LED 17 is provided on the posi-
tioner 12 in the vicinity of the movable head 1056. Thus,
since the light-emitting part 17 is provided indepen-
dently, it is possible to effect position detection and
perform a seek operation even when the optical head 10
emits no light. In addition, it is possible to obtain an
adequate quantity of light to effect accurate position
detection by the one-dimensional photo-sensitive light
detector 18. Thus, an accurate seek operation can be
realized. Further, since the positioner 12 is arranged so
as to provide the space 12a for the shaft 15a of the
spindle motor 15, the width of the system can be re-
duced with a high-speed VCM used as the VCM 11.

Next, the controller will be explained with reference
to FIG. 6. In FIG. 6, current-to-voltage converters 30
and 31 convert current outputs I1 and 12 at two ends of
the one-dimensional photo-sensitive light detector 18
into voltages V1 and V2, respectively. A subtraction
circuit 32 subtracts the voltage V2 from the voltage V1
to generate a position signal. An analog-to-digital con-
verter 33 converts an analog position signal into a digi-
‘tal position signal and outputs it to a controller 46. A
differentiating circuit 34 differentiates the analog posi-
tion signal to output a speed signal. An analog-to-digital
converter 35 converts the analog speed signal into a
digital speed signal and feeds it to the controller 46. A
digital-to-analog converter 36 converts a digital drive
signal from the controller 46 into an analog drive signal.
A subtraction circuit 37 subtracts the analog drive sig-
nal from the analog position signal to generate an ana-
log position error signal.

A phase compensator 38 advances the phase of a
high-frequency component of the position error signal
to make phase compensation. A first switch 39 connects
the phase compensator 38 to a sum circuit 42 under
control of the controller 46. A second switch 40 con-
nects the differentiating circuit 34 to the sum circuit 42.
A. digital-to-analog converter 41 converts a digital drive
signal from the controller 46 into an analog drive signal.
The sum circuit 42 sums up the position error signal
applied thereto through the first switch 39, the speed
signal applied thereto through the second switch 40,
and the drive signal from the DA converter 41. A VCM
drive amplifier 43 drives the VCM coil 115 of the posi-
tioner 12 on the basis of the output of the sum circuit 42.

A track servo control circuit 44 detects a track error
signal TES derived from the reflected light from the
magneto-optical disk 20, which is received by the detec-
tor of the fixed head 10q, and it servo-controls the track
actuator of the movable head 106 on the basis of the
detected track error signal TES, as will be detailed in
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connection with FIG. 7. A focus servo control circuit
45 detects a focus error signal FEB derived from the
reflected light from the magneto-optical disk 20, which
1s received by the detector of the fixed head 10qg, and it
servo-controls the focus actuator of the movable head
105 on the basis of the focus error signal FES. The
controller 46 comprises a microprocessor (MPU) and
performs seek control and other control by execution of
programs. A non-volatile memory 47 comprises an EE-
PROM (Electrically Erasable Programmable Read
Only Memory) and stores parameters and other neces-
sary data. A RAM (Random Access memory) 48 is
stored with control information used in the MPU 46.

A DA converter 49 converts a write power value for
the laser diode 120, etc., which is delivered from the
MPU 46, into an analog drive quantity. A switch 59
outputs the analog drive quantity to a laser diode driver
circuit S1 under control of the MPU 46. The laser diode
driver circuit 51 drives the laser diode 120, etc. to emit
light with the analog drive quantity. An AD converter
52 converts a monitor light quantity output from a mon-
itor diode, e.g., the laser diode 120, into a digital value
and mputs it to the MPU 46. A read circuit 53 sums up
the detector outputs derived from the reflected light
from the magneto-optical disk 20, which is received by
the fixed head 10a, to generate and output a readout
signal after subjecting it to error correction in a ECC
circuit.

In this embodiment, the VCM coil 11 can be driven
by a combination of the position error signal, which is a
difference between the drive signal from the controller
(hereinafter referred to as “processor™) 46 and the posi-
tion signal, the speed signal, and the drive signal from
the processor 46.

The track servo control circuit will be explained
below with reference to FIG. 7. The heads 10-1 and
10-2 of the movable head 106 each have an objective
lens 100 provided at one end of a head 105 rotatable
about a rotating shaft 101, and a counterweight 102 at
the other end of the head 105. In addition, a track actua-
tor coil 103 1s provided on the side of the head 105. A
lens position detector 104 for detecting the lens position
is provided in opposing relation to the head 105.

A track error signal generator 440 generates a track
error signal TES from the detector output derived from
the reflected light from magneto-optical disk 20, which
1s received through the objective lens 100. A phase
compensator 441 advances the phase of a high-fre-
quency component of the track error signal TES to
make phase compensation. A third switch 442 turns on
in response to a track servo ON signal from the proces-
sor 46 to form a track servo loop. A comparator 443
level-slices the track error signal TES to generate a
track zero crossing signal TZC. A track counter 444 is
set with a number of tracks to be crossed for moving by
the processor 46, and it is decremented in response to

the track zero crossing signal TZC to indicate the num-

ber of tracks remaining. A DA converter 445 converts
a digital speed signal from the processor 46 into an
analog speed signal.

A phase compensator 446 advances the phase of a
high-frequency component of a lens position signal
LPOS from the lens position detector 104 to make
phase compensation. A fourth switch 447 turns on in
response to a lens lock signal from the processor 46 to
form a lens lock servo loop. A fifth switch 420 outputs
the lens position signal LPOS from the phase compensa-
tor 446 to the sum circuit 42, shown in FIG. 6, to drive
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the VCM coil 115. A sum circuit 448 sums up the track
error signal TES from the third switch 442, the lens
position signal LPOS from the fourth switch 447, and
the speed signal from the DA converter 445. A power
amplifier 449 drives the track actuator coil 103 on the
basis of the output of the sum circuit 448.

Next, a seek operation that is executed by using the
one-dimensional photo-sensitive light detector 18 will
be explained. The processor 46 calculates an output
value X for a target position r, and outputs the drive
signal X to the DA converter 36, and then turns on the
first switch 39. Consequently, the subtraction circuit 37
generates a position error signal representative of a
difference between the position signal from the one-
dimensional photo-sensitive light detector 18 and the
drive signal X from the DA converter 36. The position
error signal is applied to the VCM coil 115 through the
phase compensator 38, the first switch 39, the sum cir-
cuit 42 and the VCM drive amplifier 43, causing the
positioner 12 to move for seek.

When the position error signal becomes zero, it is
decided that the positioner 12 has been positioned at the
target position. At this time, the speed becomes zero.
The processor 46 monitors the speed signal from the
AD converter 35. When the speed signal becomes zero,
the processor 46 decides that the seek has been com-
pleted, and terminates the seek operation.

This seek operation is effectively employed for the
following seek operations rather than an ordinary seek
operation for moving the optical head 10 to the user
zone: a GO HOME seek operation for moving the posi-
tioner 12, together with the optical head 10, to the inner
stopper 13; a seek operation for moving the optical head
10 to a mirror zone of the medium for the adjustment of
emission of the laser diode of the optical head 10; a seek
operation for moving the optical head 10 to a PEP
(Phase Encoded Part) zone to read data from it; etc.
The ordinary seek operation for moving the optical
head 10 to a track in the user zone is effected by detect-
ing a position of the optical head 10 on the basis of the
count of pulses of the track error signal TES.

Next, an ordinary track access (seek) operation will
be explained.

The objective lens 100 of the optical head 10 is al-
lowed to follow tracks on the medium 20 rotating at
high speed by the operation of the track actuator 103.
The track actuator 103 is combined with a magnetic
circuit provided in the optical head 10 to make the
objective lens 100 follow tracks. The operation will be
explained below by way of an example of a lens seek
operation in which the objective lens 100 is moved
across less than several hundreds of tracks.

The processor 46 sets an amount of movement (differ-
ence) on the track counter 444. Next, the processor 46
outputs an acceleration signal to the DA converter 445
for lens seek, and turns off the third switch 442 to turn
off the track servo, and then enables the track counter
444. Consequently, the objective lens 100 of the optical
head 10 moves 1n the track direction for seek, and the
track counter 444 decrements the count value by track
zero crossing signals TZC derived from the track error
signal TES and indicates the number of tracks remain-
ing. The processor 46 obtains an actual speed from the
interval of the track zero crossing signals TZC to de-
cide whether or not the target speed has been reached.

When deciding that the target speed has been
reached, the processor 46 reads the track counter 444 to
decide whether or not the number of tracks remaining is
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zero. If the number of tracks remaining is not zero, the
processor 46 detects an actual speed from the track zero
crossing signals TZC to calculate a target speed corre-
sponding to the number of tracks remaining, and obtains
a speed error, that is, a difference between the actual
speed and the target speed calculated. Then, the proces-
sor 46 outputs the speed error signal to the DA con-
verter 4435 to drive the optical head 10. When the num-
ber of tracks remaining reaches zero, the processor 46
turns on the third switch 442 to turn on the track servo
loop. Then, the processor 46 checks whether or not
off-track has occurred by checking track error signal
TES. If no off-track has occurred, the processor 46
brings the process to a normal termination.

In this way, the seek operation is carried out. When
the number of tracks to be crossed exceeds several hun-
dreds, the processor 46 outputs the drive signal to the
DA converter 41, shown in FIG. 6, instead of output-
ting it to the DA converter 445, shown in FIG. 7, to
drive the VCM 115 for a seek operation.

Next, an operation of checking the lifetime of the
laser light source will be explained.

FIGS. 8(A) and 8(B) are for explanation of the laser
light source lifetime checking operation according to
the present invention. FIG. 9 1s a flowchart showing
measuring processing executed at the time of startup of
the drive shown in FIGS. 8(A) and 8(B). FIG. 10 is a
flowchart showing emission adjustment processing exe-
cuted when the power supply is turned on in the ar-
rangement shown in FIG. 8(A).

Processing for measuring an adjusted current value
for the laser light source at the time of startup of the
drive will be explained below with reference to FIG. 9.

The processor 46 turns off the switch 50 and
outputs “00”° as a control value to the DA converter 49.
'Then, the processor 46 turns on the switch 50 to drive
the laser diodes 120 to 122 through the drive amplifier
51.

@ The processor 46 increments the control value by
1 and outputs the incremented control value to the DA
converter 49, thereby driving the laser diodes 120 to 122

-through the switch 50 and the drive amplifier 51.

The processor 46 reads the monitor light quanti-
ties of the laser diodes 120 to 122 through the AD con-
verter 52 and decides whether or not the light power of
each of the laser diodes 120 to 122 coincides with speci-
fied power. If the light power is lower than the specified
power, the processor 46 returns to Step @

At this time, 1f the drive has an optical head which is
designed to read and write the optical disk 20 with a
single beam, since the write power is larger than the
read power, as shown in FIG. 8(A), the write power is
used as specified power to make emission adjustment of
the laser diode. If the drive has an optical head which is
designed to read, write and erase the magneto-optical
disk 20 with a single beam, since the erase power is the
largest, it 1s used as specified power to make emission
adjustment of the laser diode.

In the case of the optical head 10, shown in FIG. 2,
which uses 3 beams for read, write and erase, respec-
tively, the laser diodes 120 to 122 are individually sub-
jected to emission adjustment with the read power,
write power and erase power used as specified power,
respectively.

If the light power of the laser diode (120 to 122)
coincides with the specified power, the processor 46
stores the control value presently output to the DA
converter 49 into the RAM 48.
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@ The processor 46 decides whether or not the
operation of Steps e,crc/1/ to has been repeated 16
times. If NO, the processor 46 returns to Step @

@ When deciding that the operation of Steps @ to

has been repeated 16 times, the processor 46 turns
off the switch 50. Then, the processor 46 calculates an
average value Pi1 of the control values for the 16 control
operations, which have been stored in the RAM 48, and
writes the average value into the EEPROM 47 as an
initial value.

In this way, a control value with which each of the
laser diodes 120 to 122 generates predetermined light
power 1s measured at the time of startup of the drive
before shipment, and the measured value is written into
the non-volatile memory 47 so as to be used as an initial
value when the drive is actually operated. In FIG. 8(B),
the drive current values I1 and I2 on the solid-line curve
are the initial values.

Next, lifetime checking processing which is executed
when the power supply of the drive is turned on after
the shipment will be explained with reference to FIG.
10.

@ When the power supply is turned on, the proces-
sor 46 reads out the average value Pi from the EE-
PROM 47 and loads it in the RAM 46.

The processor 46 turns off the switch 50 and
outputs “00” as a control value to the DA converter 49.
Then, the processor 46 turns on the switch 50 to drive
the laser diodes 120 to 122 through the drive amplifier
51.

@ The processor 46 increments the control value by
1 and outputs the incremented control value to the DA
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converter 49, thereby driving the laser diode (120 to

122) through the drive amplifier 51.

é) The processor 46 reads the monitor light quantity
of each of the laser diodes 120 to 122 through the AD
converter 52 and decides whether or not the light
power of the laser diode (120 to 122) coincides with the
specified power. If the light power is lower than the
specified power, the processor 46 returns to Step @

(5) If the light power of the laser diode (120 to 122)
coincides with the specified power, the processor 46

stores the control value presently output to the DA

converter 49 into the RAM 48.

The processor 46 decides whether or not the
operation of Steps (1) to @ has been repeated 10 timés.
If NO, the processor 46 returns to Step @

@ When deciding that the operation of Steps @ to
has been repeated 10 times, the processor 46 reads
out the control values for the 10 control operations
from the RAM 48 and calculates an average value Pc.
Next, the processor 46 compares the average
value Pc with the sum of the initial value Pi and an
increment limit value (“20”). If the average value Pc is
not equal to or larger than (Pi+20), the processor 46
declares that the lifetime of the laser diode (120 to 122)
has not yet expired, and terminates the adjustment.
Then, the processor 46 drives the laser diode (120 to
122) with the output presently delivered to the DA
converter 49,

If the average value Pc is equal to or larger than
(P1-+20), the processor 46 decides that the lifetime of
the laser diode (120 to 122) has expired, and sends back
the LD (Laser Diode) lifetime status to the upper-level
controller. In FIG. 8(B), the drive current values I3 and
14 on the chain-line curve are those by which the life-
times of the laser diodes 120 to 122 are decided to have
expired. Thus, the upper-level controller can take mea-
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surement, for example, to stop the operation, to notice
the operator of the situation, etc. Further, the ProOCessor
46 scts up an LD lifetime flag in the non-volatile mem-
ory 47 and terminates the emission adjustment. The
upper-level controller is informed of the LD lifetime
flag as a status to be read out during initial processing.

In this way, a control value with which the laser
diode 120 provides predetermined light power is mea-
sured at the time of startup of the drive (before shipment
from the factory) and stored in the memory as an initial
value. Then, a control value, which is adjusted during
emission adjustment made when the power supply is
turned on in actual use, is compared with the initial
value to check the lifetime of the laser diode 120. Thus,
accurate lifetime checking can be made in accordance
with the characteristics of the laser diode 120, etc. in
each individual drive.

In addition, since the measurement of a control value
1s repeated to obtain an average control value, an accu-
rate control value can be measured. To expect higher
accuracy, the initial value is obtained by executing the
measurement 16 times. When the power supply is
turned on in actual use, the measurement is executed 10
times so that the start of the operation will not be de-
layed. In addition, since the initial value is stored in the
non-volatile memory 47, it can be held even when the
power supply is off. Thus, there is no likelihood of the
initial value being lost.

FIG. 11 is a flowchart showing another example of
the laser diode lifetime checking processing.

In this embodiment, the startup processing is the same
as that shown in FIG. 9.

This embodiment is arranged so that lifetime check-
Ing processing is executed in a fixed cycle even in 2
magneto-optical disk library system in which the power
supply is not turned on/off frequently.

The processor 46 decides whether or not a com-
mand including LD (Laser Diode) ON (e.g., spindle
ON command) has arrived from the upper-level con-
troller or a magneto-optical disk cartridge 2 has been
inserted. If YES, the processor 46 reads out the LD
emission time and the number of times of LD emission
from the non-volatile memory 47 and loads them into
the RAM 48.

The processor 46 decides whether or not the
loaded emission time exceeds 1,000 hours. If YES, the
processor 46 proceeds to lifetime checking processing
executed at Step @ If it is decided that the loaded
emission time does not exceed 1,000 hours, the proces-
sor 46 decides whether or not the loaded number of
times of emission exceeds 100 times. If YES, the proces-
sor 46 proceeds to_the lifetime checking processing
executed at Step @ If it is decided that the loaded
number of times of emission does not exceed 100 times,
the processor 46 proceeds to Step @

The processor 46 executes the LD lifetime check-
ing processing shown in FIG. 10 (Steps @ to @), and
stores the present LD emission time and the present
number of times of emission, together with an average
value of control values for 10 control operations, into
the non-volatile memory 47. Then, the processor 46
proceeds to Step (4).

The processor 46 starts a timer for LD emission
time and turns on the laser diode 120, etc. (that is, turns
on the switch 50).

The processor 46 executes, seek, read, write, etc.
in response to a command from the upper-level control-
ler.
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@ The processor 46 decides whether or not a com-
mand including LD OFF (e.g., spindle OFF command)
has arrived from the upper-level controller or the mag-
neto-optical disk cartridge 2 has been ejected. If NO,
the processor 46 returns to Step @, whereas, if YES 1s 5
the answer, the processor 46 turns off the laser diode
120 (that 1s, turns off the switch 50).
The processor 46 stops the timer for LD emission
time. Then, the processor 46 adds the timer value to the

emission time read out from the non-volatile memory 47
and stores the sum into the non-volatile memory 47.
Next, the processor 46 adds “1” to the number of times

of emission read out from the non-volatile memory 47
and stores the sum into the non-volatile memory 47.
Then, the processor 46 returns to Step .

Thus, in a magneto-optical disk drive connected to a
computer where the power supply is not turned off, the
emission time of the laser diode 120 and the number of
times of emission thereof are counted, and when a pre-
determined time (1,000 hours) or a predetermined num- 20
ber of times (100 times) is reached, the lifetime checking
processing for the laser diode 120, shown in FIG. 10, is
executed. Thereafter, the laser diode 120 is turned on to
perform a given operation. Accordingly, even if the
power supply is not turned off, emission adjustment and 25
lifetime checking are made every predetermined unit of
emission time or every predetermined number of times
of emission. Thus, it is possible to check the lifetime of
the laser diode beforehand.

Although in the embodiment shown in FIG. 11 both 30
the emission time and the number of times of emission
are checked, either of them may be checked. Further,
although the number of times of operation in the em-
bodiment shown in FIG. 9 is 16 times and the number of
times of operation in FIG. 10 is 10 times, the present 35
invention 1s not necessarily limited thereto. Further,
although 1n the embodiment shown in FIG. 11 the pre-
determined emission time is 1,000 hours and the prede-
termined number of times of emission is 100 times, the
present Invention is not necessarily limited thereto.
Further, although in the embodiment shown in FIG. 10
the increment limit value is “20”, it may be other value.

Thus, an initial value of the laser light source of the
drive concerned is measured and stored in the memory,
and 1t is compared with an adjusted value with which an
emission adjustment has been made in actual use to
thereby check the lifetime of the laser light source.
Therefore, accurate lifetime checking can be made in
accordance with the performance of each individual
drive. In addition, since the measured initial value is
stored in the non-volatile memory, even if the power
supply is turned off, it can be held and will not be lost.
Accordingly, accurate lifetime checking can be per-
formed at all times.

The following is a description of the processing for
optimizing a write condition value for the optical head
10.

FIG. 12 1s a block diagram for explanation of opti-
mum write condition measuring processing, and FIG.
13 is a flowchart showing the processing.

In FIG. 12, the same constituent elements as those
described in connection with FIGS. 2 to 7 are denoted
by the same reference numerals. A spectrum analyzer
60 is fed with an analog reproduced signal from the read
circuit 33 before pulse shaping to analyze the spectrum
of the reproduced signal so as to measure CNR (Carri-
er-to-Noise Ratio). For example, TR-4171 spectrum
analyzer (available from K. K. Advantest) may be em-

10

15

45

50

33

60

65

16

ployed as the spectrum analyzer 60. A terminal 61 is
used to input a measured optimum value to the proces-
sor 46 of the magneto-optical disk drive 1. A tester 62 is
used to set a write power set value to the processor 46
of the magneto-optical disk drive 1 and activate it. A
personal computer 63 controls the spectrum analyzer
60, the terminal 61 and the tester 62. These units 60 to 53
constitute a measuring device.

In this embodiment, at the time of startup of the mag-
neto-optical disk drive 1 before shipment, the measuring
device (60 to 63) is connected to the disk drive 1 to
measure optimum write power and to write the opti-
mum write power obtained into the non-volatile mem-
ory 47 of the magneto-optical disk drive 1. The opera-
tion for this processing will be explained below with
reference to the flowchart of FIG. 13(A), which shows
measuring processing at the time of startup of the drive
1.

@ First, an optical disk cartridge 2 for testing is
loaded into the magneto-optical disk drive 1, shown in
FIG. 2. Then, measurement is initiated. That is, a write
power set value (default value—2 mW) is set as an initial
value to the processor 46 from the tester 62, and the
system is then activated.

@ The tester 62 gives the processor 46 the write
power present value-+0.2 mW as a write power set
value. The processor 46 outputs it through the DA
converter 49 to the laser driver circuit 51. In addition,
write data is given to the laser driver circuit 51 from the
tester 62. Thus, the laser diode 120 is driven to emit
light with the write power set value, thereby writing
the write data to the magneto-optical disk 20 in the
optical disk cartridge 2 loaded.

@ Next, the processor 46 gives a read instruction to
the laser driver circuit 51 to drive the laser diode 122
with the read power, thereby applying read light to the
magneto-optical disk 20. Reflected light from the mag-
neto-optical disk 20 is received and converted into an
electric signal by the detector 123, and a reproduced
signal of readout data is generated by the read circuit
53. The spectrum analyzer 60 analyzes the waveform of
the readout data signal to measure CNR (Carrier-to-
Noise Ratio) and informs the personal computer 63 of
the measured value. The personal computer 63 writes
the measured value into the built-in memory.

The tester 62 decides whether or not the write
power set value has reached the default value42 mW
(measurement limit value). If NO, the tester 62 returns
to Step @ If the write power set value has reached the
measurement limit value, the tester 62 informs the per-
sonal computer 63 of the termination of the measure-
mernt.

@ The personal computer 63 obtains a write power
set value (optimum write power value) with which
CNR reaches a maximum by comparing CNRs obtained
in 20 measuring operations. Then, the personal com-
puter 63 informs the terminal 61 of the optimum write
power value. Thus, the measured optimum write power
value 1s output from the terminal 61 to the processor 46
and wrnitten into the non-volatile memory 47 so as to be
saved.

In this way, various write power values are set from
the measuring device, and a write power value with
which CNR reaches a maximum is measured by the
measuring device and written into the non-volatile
memory 47 of the magneto-optical disk drive 1. Since
the optimum write power value is written into the non-
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volatile memory 47, it will not be lost even when the
power supply 1s turned off.

Next, processing executed when the power supply is
turned on will be explained with reference to FIG.

13(B).

&é When the power supply is turned on, the proces-
sor 46 reads out the optimum write power value from
the non-volatile memory 47 and loads it into the built-in
RAM 48.

@ The processor 46 sets the loaded optimum write
power value in a write condition table in the RAM 48.
Thereafter, each time a write command arrives from the
upper-level controller, the processor 46 outputs the
optimum write power value to the DA converter 49 to
drive the laser diode 120 with the optimum write power
value (current value) by the laser driver circuit 51.

Thus, the magneto-optical disk drive 1 is provided
with the non-volatile memory 47, and a write power
value with which the CNR of the reproduced signal
reaches a maximum, which is automatically measured
by the measuring device, is stored in the non-volatile
memory 47 beforehand. When the power supply is
turned on 1n actual use, the stored write power value is
read out and set as a drive current value for the laser
diode. Accordingly, it is possible to write data with
write power which is the most suitable for each individ-
ual drive. Thus, the read/write performance improves.

Although the foregoing description has been made
with regard to the write power as a write condition, the
above-described scheme may also be applied to other
write condition values, for example, write pulse width.
Although in the foregoing the write power value is
stored 1n the non-volatile memory 47, the arrangement
may also be such that a write power default value is
stored in the ROM of the processor, while a correction
value for the default value is stored in the non-volatile
memory 47, and when the power supply is turned on in
actual use, the processor calculates an optimum write
power value from the correction value and the default
value.

Although in the foregoing a write condition value
with which the CNR of the reproduced signal reaches a

maximum is used an optimum value, it is also possible to -

measure a write condition value with which the bit
error rate of the reproduced signal reaches a minimum
because an optimum write condition is available when
the bit error rate of the reproduced signal is at a mini-
mum. It is also possible to measure as an optimum value
a write condition value with which the CNR of the
reproduced signal reaches a maximum and, at the same
time, the bit error rate reaches a minimum.

Although in the foregoing embodiment an optimum
write condition value is measured at one position on the
magneto-optical disk drive 1, the arrangement may be
such that two optimum write condition values are mea-
sured at two points, for example, the innermost and
outermost positions, on the medium and stored in the
memory, and either of the optimum write condition
values 1s selected in accordance with the seek position.

Further, since the optimum write condition value
varies according to the kind of medium forming the
magneto-optical disk and the ambient temperature, it
may be an effective way of optimizing the write condi-
tion value to0 measure and store optimum write condi-
tion values for various kinds of mediums and various
temperatures and to select an optimum write condition
value in accordance with the kind of medium used and
the ambient temperature.
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Thus, an optimum write condition value for the drive
concerned is measured and stored beforehand, and it is
read out and set as a drive value when the operation is
initiated. Therefore, write control can be effected with
a write condition value which is the most suitable for
the drive concerned even if there is variation in the
write performance among drives. Thus, the write per-
formance can be improved. In addition, since an opti-
mum write condition value which is obtained by mea-
surement is stored, the write control can cope with
automation. Further, since the measured optimum value
is stored in the non-volatile memory, it can be held and
will not be lost even when the power supply is turned
off. Thus, optimum write control can be performed at
all times.

The following is a description of a drive condition
management method that employs the non-volatile
memory 47.

FI1G. 14 1s a block diagram showing an arrangement
for measuring drive conditions, and FIG. 15 is a flow-
chart showing processing for the measurement. FIG. 16
is a block diagram showing a way of using drive condi-
tion data obtained by the measurement.

In FIG. 14, reference numeral 60 denotes the above-
described spectrum analyzer that analyzes the spectrum
of a reproduced signal applied thereto from the read/-
write circuit 53 before being digitized to measure CNR
(Carrier-to-Noise Ratio). A terminal 61 has a display
unit and an input unit so that a measured value is input
to the processor 46 of the magneto-optical disk drive 1
through the input unit (keyboard) and the measured
value is read out from the non-volatile memory 47 and
displayed on the display unit. A tester 62 issues a seek
command to the processor 46 to execute a seek opera-
tion and measures the seek time and the read/write
error rate. The tester 62 is a personal computer. The
spectrum analyzer 60, the terminal 61 and the tester 62
constitute a testing device 6.

Measuring processing executed at the time of startup
of the drive (before shipment) will be explained below
with reference to FIG. 15.

@ An optical disk cartridge 2 for testing is loaded
into the magneto-optical disk drive 1, shown in FIG. 1.
Then, the power supply is turned on, and a startup
procedure is carried out, for example, adjustment of a
volume (not shown) of the magneto-optical disk drive 1,
setting of DIP switches, etc.

The tester 62 instructs the processor 46 of the
magneto-optical disk drive 1 to write/read specific data
a plurality of times with respect to the innermost zone
of the magneto-optical disk 20 in the optical disk car-
tridge 2. Thus, under control of the processor 46, the
read/write circuit (49 to 53) allows the optical head 10
to write data to the magneto-optical disk 20 and then
makes the optical head 10 read the data from the magne-
to-optical disk 20. Then, the processor 46 instructs the
read circuit 53 to check the readout data by ECC (Error
Correction Code). The processor 46 1s informed of the
result of the check by ECC, measures the error rate, and
instructs the terminal 61 to display the measured error
rate.

@ The spectrum analyzer 60 analyzes the spectrum
of the reproduced signal of readout data at that time to
measure the CNR of the reproduced signal.

Next, the tester 62 instructs the processor 46 of
the magneto-optical disk drive 1 to perform a random
seek. Consequently, the seek system (10 to 45) performs
random seeks on the basis of the above-described track
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count under control of the processor 46. For each seek
operation, the tester 62 receives a seek completion sig-
nal from the processor 46. The tester 62 measures the
seek time for each seek and calculates an average seek
time.

@ After completion of the measurement, the mea-
sured error rate, CNR and average seek time are input
to the processor 46 of the magneto-optical disk drive 1
from the terminal 61 so as to be written into the non-
volatile memory 47.

@ Similarly, data such as the date (year, month and
day) of startup and testing, the operator, and the device
number and version number of the drive concerned are
input to the processor 46 of the magneto-optical disk
drive 1 from the terminal 61 so as to be written into the
non-volatile memory 47. Then, the power supply is
turned off to terminate the measurement.

Thus, operating performance measured at the time of
startup of the drive or at the time of testing, that is, the
seeck time and the write/read performance, can be
stored 1n the non-volatile memory 47 provided in the
drive.

During the operation in the field after the shipment,
the processor 46, when detecting occurrence of an er-
ror, stores the error contents into the non-volatile mem-
ory 47 in the form of an error code.

At the time of extra maintenance (when a fault oc-
curs) or regular maintenance, the testing device 6 is
connected to the magneto-optical disk drive 1, as shown
in FIG. 16, whereby the drive performance or other
data can be read out from the non-volatile memory 47
and displayed or printed out through the processor 46
of the magneto-optical disk drive 1. Thus, when a main-
tenance person or the like measures the drive perfor-
mance after adjustment of the magneto-optical disk
drive 1 or replacement of a unit during the above-
described maintenance by connecting the testing device
6 to the drive 1, it is possible to make a diagnosis on the
drive performance by comparing the measured perfor-

mance with the drive performance read out from the 40

non-volatile memory 47.

If the logged error contents are read out, the cause of
a fault or the like can readily be analyzed; if the version
number of the drive and the date of the testing are read
out, it becomes easy to cope with the fault.

‘Thus, the magneto-optical disk drive 1 is provided
with the non-volatile memory 47, and the measured
drive performance is stored in the memory 47. There-
fore, it is unnecessary to manage data on the drive per-
formance by specially using a data sheet or the like for
each individual drive. Accordingly, the maintenance
person is only required to read out the drive perfor-
mance from the non-volatile memory 47 in the field.
Thus, the management of the drive performance is facil-
itated, and an accurate diagnosis can be made.

As the above-described testing device, a special test-
ing device which can input data may be employed. It is
also possible to store a measured value obtained by
measurement during each maintenance into a non-
volatile memory 47 so as to record a history of operat-
ing performance. |

Thus, the magneto-optical disk drive 1 is provided
with the non-volatile memory 47, and the measured
drive performance is stored in the memory 47. There-
fore, 1t is unnecessary to manage data on the drive per-
formance by specially using a data sheet or the like for
each individual drive, and it is only necessary to read
out the drive performance from the non-volatile mem-
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ory 47 in the field. Thus, the management of the drive
performance is facilitated. In addition, since the data on
the operating performance is stored in each individual
drive, it is possible to make an accurate diagnosis on the
performance of the drive at the time of adjustment,
replacement or maintenance.

As many apparently widely different embodiments of
the present invention can be made without departing
from the spirit and scope thereof, it is to be understood
that the invention is not limited to the specific embodi-
ments thereof except in the appended claims.

What we claim is:

1. A controller for an optical storage drive including
an optical head having a laser light source for applying
light to an optical storage medium and a detector for
receiving reflected light from said optical storage me-
dium and for converting the received light into an elec-
tric signal, and a secek mechanism for positioning said
optical head to a target position on said optical storage
medium to, at least, read information from said target
position on said optical storage medium by said optical
head, said controller comprising:

a non-volatile memory stored with a calibration drive
current value, said calibration drive current value
being stored in said non-volatile memory during a
calibration emission adjustment wherein the cali-
bration drive current value for said laser light
source is obtained by varying a drive current such
that said laser light source substantially provides a
predetermined light power output value; and
control circuit that compares a measured drive
current value obtained during an operational emis-
sion adjustment made when said drive is operated,
with said calibration drive current value stored in
sald non-volatile memory, thereby checking the
lifetime of said laser light source.

2. A controller for an optical storage drive as defined
in claim 1, wherein said control circuit comprises means
for executing the operational emission adjustment when
sald drive 1s operated in response to turning on a power
supply of said optical storage drive, thereby checking
the lifetime of said laser light source.

3. A controller for an optical storage drive as defined
in claim 1, wherein said control circuit comprises means
for either counting emission time, or counting a number
of times of emission of said laser light source, and exe-
cuting the operational emission adjustment when said
drive is operated either every predetermined number of
units of emission time or every predetermined number
of times of emission, thereby checking the lifetime of
said laser light source.

4. A controller for an optical storage drive as defined
in claim 1, wherein said control circuit comprises means
for writing an adjusted drive current value into said
non-volatile memory every time said operational emis-
sion adjustment is made.

3. A controller for an optical storage drive as defined
in claim 1, wherein said control circuit comprises means
for informing an upper-level controller connected to
said control circuit when said control circuit has deter-
mined that the lifetime of said laser light source has
expired.

6. A controller for an optical storage drive as defined
in claim 1, wherein said control circuit comprises means
for writing information representative of a determina-
tion regarding the lifetime of said laser light source into
sald non-volatile memory, when deciding that the life-
time of said laser light source has expired.
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7. A controller for an optical storage drive as defined
in claim 1, wherein said optical storage medium is an
optical disk, said optical storage drive having means for
driving said optical disk to rotate.

8. A controller for an optical storage drive including
an optical head having a laser light source for applying
light to an optical storage medium and a detector for
receiving reflected light from said optical storage me-
dium and for converting the received light into an elec-
tric signal, and a seek mechanism for positioning said
optical head to a target position on said optical storage
medium to write information to said target position on
said optical storage medium and to read information
from said target position by said optical head, said con-
troller comprising:

a non-volatile memory stored with a calibration write
power value adapted to provide optimum write
performance, said calibration write power value
being determined by writing information to said

10
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optical storage medium with a write power value 20

for said laser light source, said write power value
being varied such that optimum write performance
1s obtained; and

a control circuit that reads out said calibration write

power value from said non-volatile memory at the
time of starting an operation of said drive and con-
trols the drive of said laser light source with said
calibration write power value.

9. A controller for an optical storage drive as defined
in claim 8, wherein said calibration write power value
stored in said non-volatile memory is a drive current
value with which said laser light source provides opti-
mum write power. |

10. A controller for an optical storage device as de-
fined in claim 8, comprising means for providing an
optimum write drive pulse width for said laser light
source from said calibration write power value stored in
said non-volatile memory.

11. A controller for an optical storage drive as de-
fined in claim 8, wherein said calibration write power
value stored in said non-volatile memory is a correction
value for a preset default write power value, said con-
trol circuit comprising means for calculating an opti-
mum write power value from said correction value read
out from said non-volatile memory and said preset de-
fault write power value read out from said non-volatile
memory, and means for controlling the drive of said
laser light source with said calculated optimum write
power value.

12. A controller for an optical storage drive as de-
fined in claim 8, comprising means for measuring said
write power value that provides said optimum write
performance in such a manner that after information has
been written to said optical storage medium, said laser
light source is driven to emit light with a read power
value, and reflected light from said optical storage me-
dium is detected by said detector to measure a carrier-
to-noise ratio of a reproduced signal obtained by read-
ing said information written to said optical storage me-
dium, thereby obtaining a write power value with
which said carrier-to-noise ratio reaches a maximum.

13. A controller for an optical storage drive as de-
fined in claim 8, comprising means for measuring said
write power value that provides optimum write perfor-
mance 1n such a manner that after information has been
written to said optical storage medium, said laser light
source 1s driven to emit light with a read power value,
and reflected light from said optical storage medium is
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detected by said detector to measure a bit error rate of
a reproduced signal obtained by reading said informa-
tion written to said optical storage medium, thereby
measuring a write power value with which said bit
error rate reaches a minimum.

14. A controller for an optical storage drive as de-
fined in claim 8, wherein said optical storage medium is
an optical disk, said optical storage drive having means
for driving said optical disk to rotate.

15. A controller for an optical storage drive as de-
fined in claim 14, wherein a plurality of write power
values are stored in said non-volatile memory represent-
ing optimum write condition values measured for each
of a plurality of zones of said optical disk, said control
circuit comprising means for reading out an optimum
write condition value for a zone corresponding to a
write position on said optical disk from said non-volatile
memory, and means for controlling the drive of said
laser light source on the basis of said optimum write
condition value.

16. A controller for an optical storage drive as de-
fined in claim 14, wherein the calibration write power
value stored in said non-volatile memory is an optimum
write condition value measured for each of a plurality
of different kinds of optical disks, said control circuit
comprising means for reading out an optimum write
condition value corresponding to the kind of optical
disk concerned from said non-volatile memory, and
means for controlling the drive of said laser light source
on the basis of said optimum write condition value.

17. A controller for an optical storage drive as de-
fined in claim 14, wherein a plurality of write power
values stored in said non-volatile memory are optimum
write condition values measured at each of a plurality of
ambient temperatures, said control circuit comprising
means for reading out an optimum write condition
value corresponding to a particular ambient tempera-
ture from said non-volatile memory, and means for
controlling the drive of said laser light source on the
basis of said optimum write condition value.

18. A controller for an optical storage drive including
an optical head having a laser light source for applying
light to an optical storage medium and a detector for
recerving reflected light from said optical storage me-
dium and for converting the received light into an elec-
trical signal, and a seek mechanism for positioning said
optical head to a target position on said optical storage
medium to write information to said target position on
said optical storage medium and to read information
from said target position by said optical head, said con-
troller comprising:

a non-volatile memory stored with data on measured
operating performance of said optical storage
drive, said data including data on at least one of
read/write performance and seek performance;
and

a control circuit for controlling movement of said
optical head, controlling said seek mechanism,
reading out said operating performance data from
said non-volatile memory, and using said operating
performance data to control movement of said
optical head and said seek mechanism.

19. A control method for an optical storage drive
including an optical head having a laser light source for
applying light to an optical storage medium and a detec-
tor for receiving reflected light from said optical stor-
age medium and for converting the received light into
an electric signal, and a seek mechanism for positioning
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said optical head to a target position on said optical
storage medium to, at least, read information from said
target position on said optical storage medium by said
optical head, said control method comprising the steps
of:
measuring a drive current value with which said laser
light source provides a predetermined light power
output value in a calibration emission adjustment,
saild calibration emission adjustment made by vary-
~ing the drive current value for said laser light
source under control of a control circuit:
storing said measured drive current value 1nto a non-
volatile memory as a calibration drive current

value;
adjusting the emission of said laser light source when

said optical storage drive is operated so that said
laser light source provides the predetermined light
power output value by varying the drive current
value for said laser light source under control of
sald control circuit to provide an operational drive
current value; and

comparing the operational drive current value with

which the emission adjustment has been made at
the time of operating said optical storage drive,
with said calibration drive current value stored in
said non-volatile memory by said control circuit,
thereby checking the hifetime of said laser light
source.

20. A control method for an optical storage drive as
defined in claim 19, further comprising the step where
when deciding that the lifetime of said laser light source
has expired, said control circuit writes information rep-
resentative of the decision of the lifetime of said laser
light source into said non-volatile memory.

21. A control method for an optical storage drive as
defined in claim 19, wherein said control circuit exe-
cutes the emission adjusting step, which is carried out
when said drive is operated, in response to turning on a
power supply of said drive, thereby checking the life-
time of said laser light source.

22. A control method for an optical storage drive as
defined in claim 19, wherein said control circuit exe-
cutes the emission adjusting step, which is carried out
when said drive is operated, either every predetermined
number of units of emission time or every predeter-
mined number of times of emission of said laser light
source, thereby checking the lifetime of said laser light
source.

23. A control method for an optical storage drive as
defined 1n claim 19, further comprising a step wherein
said control circuit writes said operational drive current
value into said non-volatile memory every time said
emission adjustment is made.

24. A control method for an optical storage drive as
defined in claim 19, further comprising a step wherein
when deciding that the lifetime of said laser light source
has expired, said control circuit informs an upper-level
controller connected to said control circuit that the
lifetime of said laser light source has expired.

25. A control method for an optical storage drive
including an optical head having a laser light source for
applying light to an optical storage medium and a detec-
tor for receiving reflected light from said optical stor-
age medium and for converting the received light into
an electric signal, and a seek mechanism for positioning
sald optical head to a target position on said optical
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storage medium to write information to said target posi-
tion on said optical storage medium and to read infor-
mation from said target position by said optical head,
said control method comprising the steps of:
measuring a calibration write power value providing
optimum write performance by writing informa-
tion to said optical storage medium with a write
power value for said laser light source being varied
by using a testing device connected to said optical
storage drive;

storing said calibration write power value into a non-

volatile memory; and

reading out said calibration write power value from

said non-volatile memory at the time of starting an
operation of said drive and controlling the drive of
said laser light source with said calibration write
power value under control of a control circuit.

26. A control method for an optical storage drive as
defined in claim 25, wherein said measuring step 1s the
step wherein after information has been written to said
optical storage medium with the calibration write
power value, said laser light source is driven to emit
light with a read power value, and reflected light from
said optical storage medium is detected by said detector
to measure a bit error rate of a reproduced signal ob-
tained by reading said information written to said opti-
cal storage medium, thereby measuring a write power
value with which said bit error rate reaches a minimum.

27. A control method for an optical storage drive as
defined in claim 25, wherein said measuring step 1s the
step of measuring a drive current value with which said
laser light source provides optimum write power, and
said storing step being the step of writing said drive
current value into said non-volatile memory as the cali-
bration write power value.

28. A control method for an optical storage drive as
defined in claim 25, wherein said measuring step 1s the
step of measuring an optimum write drive pulse width
for said laser light source, and said storing step being the
step of writing said drive pulse width measured into said
non-volatile memory. |

29. A control method for an optical storage drive as
defined in claim 25, wherein said storing step is the step
of writing into said non-volatile memory a correction
value for a default write power value set for said mea-
sured optimum write power value, and said drive con-
trol step being the step of calculating an optimum write
power value from the correction value read out from
said non-volatile memory and the present default write
power value read out from said non-volatile memory,
and of controlling the drive of said laser light source
with said optimum write power value.

30. A control method for an optical storage drive as
defined in claim 25, wherein said measuring step is the
step wherein after information has been written to said
optical storage medium with the calibration write
power value, said laser light source is driven to emit
light with a read power value, and reflected light from
said optical storage medium is detected by said detector
to measure a carrier-to-noise ratio of a reproduced sig-
nal obtained by reading said information written to said
optical storage medium, thereby measuring a write
power value with which said carrier-to-noise ratio

reaches a maximum.
- kS ¥ X %k
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